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(57)Abstract: ^ 

PROBLEM TO BE SOLVED: To provide a semiconductor thin film ,, JAi> ^ 

which is high in quality and serves as an active region of a , ----- 

semiconductor device by a method in which an amorphous silicon i'V-iSL';"' 
film formed on a substrate having an insulating surface is 

crystallized by irradiation with a strong light beam. -> : p y 

SOLUTION: An insulating base film 102 such as a silicon oxide film I I • I- I [ jh&fci 

is formed on a substrate 101, and an amorphous silicon film 103 is /iiii; : y % ' p: 

formed thereon. Then, the amorphous silicon film 103 is irradiated y-r^y 
with a strong light beam 104 such as a laser beam to be crystallized. 

In result, a crystalline silicon film 105 is formed of crystal grains ., ■ ^Sy 

106, and ridges 108 like hillocks are formed at grain boundaries 107 
on the surface of the film 105. The ridges 108 are selectively 

oxidized by a thermal treatment to be flattened. Then, a surface P'ffiis 
oxide film 109 is removed, thereby a high-quality crystalline silicon 



film 110 without ridges induced by crystallization on its surface can 
be obtained. 
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CfrfctK >r^?g|g|£iMb-f 5£i:#j&Si:&5. 1Kb 
lit «t 5 »fb * ft ft * -f ^JH©KJP T ifi¥i%mmz R 
a.£»)&'.i>J&:v>i:* U v^cD^S^tt^Ttt'h* < #5 
&©©, *©JEtti:bTtt:*fbL&^fc«K m^M$>lz 
ttbT©^ — ^;JW > ht^d^T-ii^ (5£;A,i:-$jl|l 
fcfc&v^ bfc#oT, *»rat*v^TI±, 9fi*JH»«fc 
-f «M^ffl©¥±?lSffi? R a fc«®&fbJBI©JK 
JPT#, 0>&<fct>T>Ra©H«lcfc5;ri:fc«f«i: 

[0 0 4 8] mifa©^Bffl^ R afcJu fiC?NftHflMK 
(AFM) ICT, 1 O^mDJilTOfll^'JTfcJfJUT 
ftfefitT- fcfttt, t/nm^-^-S fO«|fi 



( 7 ) 1$gfi¥ 1 0 - 1 0 6 9 5 1 

Wl2 I 

[0 0 5 0] Ml 5 fcaMglEfcfctt S^ffiS^-f SSJSISJffl 
©ftflSlSfcbTtt* X^-A #H^T'© 

BMfct, te©^#*Cifc«bT»fl3U-h#*S<, 

it« wfi«*>ofii^ia t? 2> gacKfbjK* 5 ^ ft s . 



20 



txtttb i ] ±13* a m-mmx ©iMbis t * ft s\ 

bTtt» 5 5 0~9 0 0°C©tajS®fflT*fei) ' 
ZtZftmiiTZo 5 5 0*CWT©®§[T-H:+^^b 
b-h#f# ?>ft-Ts «Rfia*H^» UT «ft<bfd:fSJi A/^ 
Jt*«t^. dftfcfctbTs 9 0 0°CJ-X±T-(i, m<bv- 

m£TifiMfc£ti2>£?tem-£$>m-c<Zo .tor, ± 
[0 0 5 2] ^xssiwtseso'cfi 

flnaT©ffl*-C£D»fbP-h**#<1-Sfctt. c© 
SMbX*I£ ltffiJSLtOiDBE*^- A HfflS, 
"FfcTfrilHU:^. gMbb-hfcfcJE;fc/CJiSbTtf*1-5 
tzSb, 1 O^ET-li, lftBElRfCtt^TlSll 0«©iMb 
b-h#f#£>ft£„ <fcot\ CCDRYbxe* lft£E6l± 
©iDE**— A <7.k*g§0 mUTlCXfToZt-e. # 
^{cfc(tS*jg£ft^MSijgB#©^^ AOfiLbb* 



] 



WLm.5 0 0 nmIilT©U-1f-^Sffl^ftCi:AsS^ b 
v>„ ^^WCi5'5-^^©l^ffifbfe5v> 
ttSISJMblC*V^Tx ifcK5 0 0nmtlT©^{CTff 

^r-f mmizM?zvRM%m&uisbx^tzt?). n 

fc&BEPCiDJIfc-fSCfctf-eSS. Sfe^ b — if— 

f^-5^{t©iSUiWb* s °Itgi:^?)o ^©*-et), flffc 
t*3 0 8 nmOXe C lx^^7l/-if-*(t fcbft 



30 ^-^d'srjTrswzBM^E^^mmico&^m^tz 

VttlfLtfS&CAJIFKiaa^ft, ^oT^tiSSi^RS* 5 

^$"fi^i7c^* s «S^bM-Ni;?l§tii^ft^ ^Stt^-f^ 
JMtt^nrtcjafflWb*ft4. -©«to'5;lS5v^JST-{±> 

40 VittHC l#H^^T-ff 5©* J cfc^o HtHCl^ 

'J >y^tttfgft, M^JcSR&ffl^TiKffift^ftfc^ll 

[0054] ±ni]ammmwLmti ttii, 8 o o~ 1 1 

0 O'CCSJSteHffeSClh^SSb^. 8 0 O'CWT 
Tfjfefttt, +«-«t»<bU-hA«»e>ft*v>±^ ±!3©*S 

jMsat»*jiv^«i«ii»*©«uiit»J!.e»ft«t^. sts 

1 1 0 O'CJ-^Ltftt, IWbU-H*aF6K±»1-5*« x 
50 ^Hf4Bt#*i«t^!!JB^I»*©J»*H:, SSfiWlCjt 
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( 8 ) 



m 



V 



[0 0 5 5] 

[$BBJ3©|i|«5©ff5!8] 

(XSfifti i ) *&wzm^tzm i ©iusw-o^ Tiara 
?Zo frmmm-c-it, *&.w*mm\^ *r^^s«±t 

^e© K W >«^fl!lt(±iS«^^fii:M?iJ 

{cffiw^a c s tmv t>nx v^5o 

[0 0 5 6] JilTlCiS^T* 0 2 tt*£JB0a©fts«xe 
©«!l!gS:^-r»r@ll"eifei3, (A) -* (F) ©JllfCbfc 
* s -ot^xe* s )ii*5itft-i.. 121 2 (F) 

c -c^sss u tzmm t f t is «t i>*^©Ms!j§a c s ge©5S- 

fiK0£^U N§yTFTffl«2 2 4fc, M8jgMCs« 
«2 2 6S^t. 

[0057] 02 (a) tc^-r<t^tc % #-5*^ 

©SB^T-^f4©»S2 0 1 ±lC«fiJ^.K^^ D >^ 20 
a6t«t^TiP^3 0 0 nmajS©^b^-f }RA>e>&-g>T 
W2 0 2SMt5. C©^b^-f|gM(±^ 

[0 0 5 8] KECVDffi^77X7CVDSS: 
ifJCfcoT* ff£ 4 0~ 1 0 0 nm, WlX-lX 5 0 nm© 
#MIW4r-f * (a— S i) 12 0 3 £jfj£Jg|-f 
vCVD^{C«t!3Bii!3a— S iR2 0 3^Ibifc^ 
ICH:, *©J»it«K:^*©*3Rfefr*L/, «©U— tf— 
ltl$©IIJt*Jtf*i©«B4:£4fcto* 5 O'CliJS 

<Dmmx'&mmmm*fti<\ Rto**i»uii/t* 30 

[0 0 5 9] ^£©&, 12 2 (A) CSV*- £-5 fc, I/— tf 

2 0 7 gjgttU_a— S i US 2 0 3 fri &flfbJlS , 
£©£&©]✓— +f-^i: LTtBu XeClx+S/YU^ 
if- (M3 0 8nm v ^;wg40nsec. ) 

2 0 0~5 0 0°C, ^Jx(i4 0 0*Ct*nJ»U ^*J^r 
-&jg2 0 0~ 3 5 0mJ/cm\ ffili tfcC 3 0 0 m J 
/c m' ^ bfc./ t/— tf-ft 2 0 7a, S«BK*f IT 
JRJJOESEStU a-Si!2 0 3©ffiffl-^i:MU 40 
Ts fWtll 0 01/- tf-MW$tl5«t^ (C^tttfy 
^£lS/£L,fc. uClSKiO, a-SiI2 0 3l±f 

att**-rsje»tt<T'fi»{«t2 o 3 dtfts. ccf, . 

*?HftlNRtt (AFM) iCfctK ^ift^^^I2 0 

3 d©^®©¥^lffl*a^Ra&«iJS-r5i:, 4~5nm 

fia©fjrgfepfc. 

-rxroTo] mifi o^je©^^- a#h^,tn 

tt, ftD*fc»£5 5 0~9 0 0°C, «Att6 0 0°CtCT 



,^Bfl¥ 1 0- 1 0 6 9 5 1 
4 

2 (B) fcjjVf«fc-5fc, jgf B tt^^IJi2 0 3 d©SiB 
mm2 0 3dtti8UP3 0nm|SKIC»Jg|<b$ftSo £© 

M203 d©«a©u vyastt^tRfbf^ffl* 5 **. 
««tt*1St:lfc'<**<»{b**i4. *©»* ^HSMb 
12 0 8 *^v^>^U»^X*» ^©£S©IS»tt4r 
^ISM2 0 3d©«iB&jK?Ri^«*AFMfc«fc»>ai 
«Lfc|gill* ¥±9fflffi$Ra{±l~2 nmgJSi:, 



[0 0 6 1 ] fcfc, gtfiafSiHSt'ir -f 9KJBI 2 0 3 d©^^ 

Mt5M©^itt^-fM2 0 9 
[0 0 6 2] ifcfc, 0 2 (D) fc^-r«t-5t, ±8B*R 

©«»&$• w mrnmrn 2 0 9±t7thb^h 

U •Itbt?A^ 2 1 0&J&j«-r«. T»"&£> 
*>, x-X^ 2 1 0&Cfc D< gCTFTCDf+^l/fSfc 
&S^#©&#afcftfe#!!g£:&oTV>S. fLT> -i 
V — tf >yffil:<tot, 7* bWS>* h210&? 
X^tbt?«» (U >) 2 1 14SAt5. F— E> 
mtUt, 7*X7s(> (PH,) iDSS 
JE£5~3 0 kV, 1 5 kV, f-Xi$ 1 x 1 

0"~8xl0 ,s cm-\ m?U£2 x 1 0' s c m" 1 tt 

FT©V-7«*2 1 8 tiMIC s^2 2 6©T 
gB©tS2 1 Q*w>&-rz>o YVVT. bWXP 2 1 
OlCfcfK ^FW«I2 1 ltfaA^tifel^m ±i£© 
<to{c^izTFT©^ J f^;uffi^2 1 IhttZ. 
[0 0 6 3] mz, 0 2 (E) tC^-Tidt, 7X^2 
1 0»£U ±E^- + 2 1 7, V-^ffi«2 

1 8, TS5«®2 1 9 £a-5«fc-5£ff:* 2 0 ~ 1 5 0 n 
m s C3fttl0 0nm©»^iMy-hM 

2 1 2i:L-TfigM1-i»o g?fb^-fSSJK©^Cii, 
TliTEOS (Tetra Ethoxy Ortho 

Silicate) U »* t i: * K:|feR» 

Sfl50~600°C, 5f*L<li3 0 0~4 0 0*CT% 
RF77X7CVDSt^«|-i«bfe. feSV^ttTE 
O S 4 m n £ L T * -J > ^ i: £ t» fc «EE C V D & 6 U 
<ttfECVDffit:ioT, Siig«53 5 0~6 0 0 
•Cx Sf* U<{*4 0 0~5 5 0"Ci:LTfl5mUTt)«fc 
V^. /£R& <f-Mft»JR2 1 2g#©^N-;b^^fffi*5cfc 
VjKSffi^-f *K\y- M»6«JM©IP-iB«fttftlRl±-r 4 
^tStt3tf^#HATT? 4 0 0 ~ 6 0 0°CT-$tB# 
fa©T--;i/^fTofeo |b|B#K:, d©T-— ;U5Q.SKlct 
I?, V— *«tt2 1 8 t KU-f >^*J«tU c 1iBb§SC 
s©^2 1 9(r K-tT->^*n& 3 FM4»2 1 l#fS(4 
ib^n, 1 8fc Kb-Y >««*i«trWiJftSf 




( 9 ) 



t&m*5 0 0~8 0 0 Q/atft-otzo 

[0 0 6 4] 5|*«^T\ 'J V^tfiCfcoT, 

m$ 3 0 0~5 0 0 nnu 4 0 0 nmC7;K- 

£A£j»T?>. fit, 7;^ = *ARi/^-=> 
^L/t, ^-h«ffi2 13fctt«jg*Cs«tt2 2 6«D 
±S5ttfii2 1 4*Bmir2> 0 V-YW&2 1 3 

tt¥ffltoCjafttt*n#§CDy-- Wt*5-f >©— SCT* 
St). ««j£ffiCs©±S$«I2 1 4ttS8n + 1SI© 
V—VrtZ.V'i ><D-$lt\sTB&l£tlT^Zo 10 

[0 0 6 5] -£bT\ 02 (F) C^tioC, JP£ 5 
0 0 nmgjK©8Mb^f!SIIIS£Jf fH^*g)ISI2 2 0 £ bT 

cixi:$^£:©:7^X^CVDi£, « b < 14* v/ >h© 
ME C V D 3 ^ttflTEE C V D JSC J: -o ft 
tt, SHffiSttCiSn^A$f«:Jira«6^* s ff ?>tvS. 
&C, JilHf6IMt2 2 0C3>** btf-;i>fcj&]«b 
t> 2 1 i:Ej^«3i2 2 2 ftJKjERf*. V 

-^S8i2 2 ia % &mttUs mz.it, zt 

Bu T;U5-^A*s^(*:jiC4£t!c-rs.©SI»Jt1-SS 
ftCM'JTJ&fcbTiStt^ftS. 2 2 2 fct I T 

o & zmwmmmz iSMsn*. 

[0 0 6 6] * LtiiC, 1 »£E©**S:H«T? 3 5 
0*C, 1 B#S8gg©7'— — ;i/£frl/\ HI 2 (F) C^-f 
NSTFT2 2 4*J e ttPfflBi!jg*C s^2 2 6 

MQ-SCfc NITFT2 2 4© 

5. *6CNS!TFT2 2 4*«Hf*@$n?, 30 

jBB&«H>r©*r 9 XTCVDSCtt) ff$f&£ ftfcSMb 
-Jr-f bT * <fc l^. 

[0 0 6 7] W±OSUKWCb&*«oTf^«bteNST 

FTii, mmbx&wa&'e 5o~80cm'/vs, h 

miE2~3Vfcv^A#&1*tt&5*bfc. *fc, N§« 
TFT 2 2 4fflft*JHW2 1 7 £^ffl*iBb^*C s 
^«2 2 6©TgBWi2 1 9C£WCtt* *<D«a¥*9 
ffl£Ra#«C l~2nmSjgC(£il8$tlTVSfe«>s 

y-b«ii2 i 2 sa-ufcu a, £»t 

[0 0 6 8] (HffitfiJ 2 ) #$gHB£ffl^fcSIS 2 ©HJE0O 

raS:*Jfflbfc«^-CoV^TCDitt^Sff -5o #UWJ©T 
;*-l!HK>IH*asfl-tt0Jtt, H-HRlCCPUtirt 50 



• ttHW 1 0- 1 0 6 9 5 1 
16 

bTfcffl^SC fc*J* T FT© 

JS&fflSSBi:UTfct, JMI&5*«B©*-Ctt&<, — iftC 
Sfc*x2.^)S«*[5]SSC^JfflT-§SC i:ttSd &T'*>tL 
V>. ttTK#V*T\ ia3tt*5UE^-r-i5iWr5TFT© 
ff«Xgffl«5ft^-i-BfiSiaT?*t», (A) -» (F) CD 

mc ufc^oTf^ssxsffWJfcaifTf «. 

[0 0 6 9] 53S#-7*<fc !)&5Sffi3 0 1 ©« 

CVDSCiot, JS£4 0~ 1 0 0 nnu «*.«6 0 
nm©m4 (IS) «D#«Jttr>f JMIt (a-Sil) 3 
0 3£fiEl»TJ-3o 

[0 0 7 0] **\ 5^7^J;0&5iffi3 0 1 ©it 
@S 1 %fIJK©<6iti87 y»C «fc t) ife#-f 5. *C«E 
CVDiSCiot, f$40~100nm, 0lJtl£6O 
nm©SS (im) (DttFrnWr^mm (a-S il) 3 

03 turn* s. 

[0 0 7 1 ] *CI3 (A) C^1-«fc-5Cv a— S iJK 

st«* s s*5 «fcocats3 o i ^ts. **as^jT- 

^gaii,10ppmJ;)5:5J;5CUfe. 

^— C«fct> 3 0 1±CJ9— CffitfWE** 

[0 0 7 2] ^LT, £ftfc**»7G*HftT*fcti:T 

rStt#H»,T, aortas 5 2o~6o o vx-mmmt^ 

-HSMSIHn «*.«5 5 0'CT-4B#HT--;UbT*§S'fb 

»K 1«3 0 1 C*rbTSB#lRlCIMIIttr-f JWR3 0 
3©$£ B ^bA J ®c: (B) C^T id CfSmS^r 

-Y*JR3 0 3 a#M*ft4. SltM^nfe-'^ 
Mt, ISfttt-Jr-f **3 0 3 a^CMltJi!), 3 
©i:§©*gffitt^-r^M3 0 3 a *©=«}» $VU«flEHU 
2 x 1 0" a t oms/cm'lIjKT-^ofco "©i:# 
©<l^©ii£afettx 1 0 0~2 0 0 nnnlii©ttttiKa© 
h«7 — *C«fc5<BJ5g;3f*t-t#!J, 20~30/imS 
Jg©iSga!(SgT-feofc„ 

[0 0 7 3] ^©^, 1213 (B) C^-f«fc-5C, l/-if 
-3*3 0 7S^»U % !gH4^^^I3 0 3 a©Si B H a 
ItZfiOo Z<D£%<Dl>— tf-^fcUTJi, XeCIi 
=£S/Vl/— tf— ($fi3 0 8nm. 4 0 n s e 

c) £fflV^fc. U— If— Jfe3 0 7 ©HBJtlfef^ttx M*fB# 
C3fcfc*2 0 0~5 0 0U ^Jx.«4 0 0*CCiP«fcU 
i^-SS2 0 0~3 5 0mJ/cm', Fy^.«3 
OOraJ/cm'tUfco l/-1f-^3 0 7lt *«S 
tWUTUtoltSh, t&BA&<r<(mm3 0 3 a©ffi* 
©-^C^bT, -tix-pni 0II1U— !f— KHStSfiSJ: 

ottit^sK^ifc, c©xec«tt3, eatt^r 

^*fflt3 0 3 ai±^©gfe^Jil±C*a^ ( $ti, fgabSIYb 
t5IhT\ -gi5^liigai:bTS*S-&b, 

^^affii:^s. Ji?ra*^8S^ (afm) c 



fcSiJ^-rShs 6-7 nmflJK©fiT'feoto ^ l^SE 
#J£JfcgtbT3IB©¥^«ffl;*Ra#;*:t^©{±, u- 

•tf-MW^ a it s tn^M* s ^fti4^ 'f mmx- i. fc 

±13©<fc3£, ^©-^fcfiiigllt bTfflgllrfbU *g 

[0 0 7 4] ifcC, HCl^iaTC^ MfiJS 
8 0 0 ~ 1 1 0 0 "C, 1 0 5 0 "CC 3 0 frWELT 

<fc?£, ISIlttfr'f *JK3 0 3 aCilBfctgHbSft, S 
@UHbJBI3 0 8#J&J&SftT, ISaffifr'f SRK3 0 3 a 
(±JH*3 0 nmgflEfcHHSMbSfta. 3©£:§, 6MhT£ 
Hl*fflv^tKWUfcJ:5C % KS»tt<T'f JRJK3 0 8 a 
©3lffl©'J «y5?SSttWCBMbf^ffl*»ai*» flSAffe&SC 
tfc^*S<SMb3ft3. -e*xJ:«!c> fSfttt^JWKS 
0 3 a©)^ffi*iWT*tt, &H|j&*ifi*-r*£:»fc:*ft*ft 

fc, ^ffisfej^fcft^icms^ft, ^l-'J7Wt5b 

ffiffi^-'f SRJ8I3 0 3 ate, #*fc*ffiK&ISlH£<!r>f * 
.13 0 3 a'^fcgfls-TS. |I]B#JC, <SJM4^r-f*J«3 
03a* (WCieatt^) tZ&gVX^tz-vtrfr 
fcfc, eiMSfe^-f *K3 0 3 a**»t>«@gWb|g£3 0 8-n 
fcSH&U *a»ieifite*--f*ffll3 0 3 a"\SISfb 
H3 0 8©HiB, *S«fctF*®BMbK3 0 8(fC-^^ 

[0075] ^©gL m.mm^m3 o 8^^^^->^v 

ffi3k-rzzt.T\ »6tl4JlSflliefiatt^-f*flt3 0 3 
a'CD^aSJS^M^SHIMi (AFM) C «t 

¥*SB«SRatt2nmSJSEi:, fflHBflUCtb'** 
t <{gi$;*ftfco *fc, COx»f>^iiCt, S£I1 
tt4r-f SKJBI3 0 3 a(f>fr&£imMbK3 0 8^£:^»b 

T*fc=y<r;i/*»HKfci»A*n, wajiis Jitter 'f* 

JK3 0 3 a' (p«D=*$r;MMEHU 5x10" atom 
s / c m 1 mjg. C * T fSM * ft fe o 
[0 0 7 6] ifcfc, 0 3 (D) CjjV*-J;3fc:, 

>viz£*) *9tt.a»<DiaM&f'( mm 3 0 3 a* *Mt 

*bT*^M«-«*ff^s ^CTFT©Sf4«« (V- 

Fi/om 7-^^;hhm) ii'&s&tt©^ 
aw**^ mm'3 0 9 sjias-ra. 
[0077] ±m<Dm&mM£&z>g>vt(Dmih®. 

f-f*JR3 0 9£S? <fc?{CJP£2 0-1 5 Onm, C 
Cfttl 0 0nmffl»^IKy-hi»3 1 2 

■EOS (Tetra Ethoxy Ortho Si 
licate) fcfiittfcU 8?£i:i:*>CS1Ki&K 1 5 
0~6 0 0'C, S?£ L<te3 0 0-4 0 O'Cf, RF7 
7XvCVDffif^-i«Lfe. jgJURft, y-Men 
M3 1 2a*©/t^«rft*J:V*Slltt^-f*Bt3 0 9 



10 ) 1 0- 1 0 6 9 5 1 

\^-h*gi&ij|£|3 1 2©^®^ttS[fiI±-ri.fc«){C, ^ 
rSffi^XSIH^TT- 8 0 0-1 0 0 0 •C7? 30~60^ 

[0 0 7 8] §|$i^v>x. u >^St:<t-3t, 

3 0 0 — 8 0 0 nm s 09 £{£5 0 0 nm(D7;i/^ 

ybt, 4*-b*H3 1 3£BfiM-S. C©7 

§3 1 5ftJBJ«-r*. £©tt»feBI3 (E) CSt» HI 
10 agMbttx ffi5i?#l~5%$$ftfc:r.^>^U:3- 
WBiWCfrU, ««0— £«8IET? 2 2 0 V£f«jE£± 

Yb^lS3 1 5©J5£fc£2 0 OnmT-feS. C©^ 
fb^»J13 1 5{±, ^©-f^-^ K-t>^xatC*5VAT. 

[0 0 7 9] H — t:>^?sSK:«toT> 

h«S3 1 3 i:*©JSH©®fb«3Jf 3 1 5£v*>7£:l, 
20 TiStt«*fc**6* (U» £&A1-3, K-K>y* 
^tbts y^7.y-< > (PH,) £fflt/\ toij&SffiS 
6 0-9 0 kV, MZ.\£8 0 k V, h'-XIS 1x10 
"~8x 1 0" cm - ', 0SS.K2.X 1 C'cm-'tt 

FT©v-x«^3 1 8kFH>M3 1 9i:&b, 
^— hS@3 1 3 43«tt5-e©)lH©K'fb^Jg3 1 5 lev 
^^$ft^W«*«ttASftftV^««H:, tCTFTfflf 
+ -^;i/^SflE3 17 i:*Sc 

[0 0 8 0] ^©^, 0 3 (E) tc^-ri^C, b— tf 
30 — #3 1 6©JH»C«fcoT7 , =— ;i/fc*TV\ ^*>SA 
Ufc^«*©«ttfl3*fT-5i:HI^K, ±13© :; F*fi^S»A 
x?IT-^t£A s ^bbfeg(5^©^ffiffi<£e5t«^*S. - 
©P^ iffltSl/- Sf-tUXe C lxJfi/Yl/- tf 
— (iSS3 0 8nm, ;t;^ll4 0nsec) SrfflW 
3i^.;i/^F— ®S 150-400 mJ /cm', »Sb< 
tt2 0 0-2 5 0mJ/cm'T% l*Pfftf^#4>-3 
v bfiB*f£*fo;fc„ :o bTJ&B8*ftfcNS^itt<» (U 
>) 3b«aA*ftfcV-^ffl*3 1 8, Kl"f >««3 1 
9©^>- bffimJo:, 2 0 0-3 0 0 Q/P-Ca&ofc. 
40 [0 0 8 1] tt^Tx ffS6 0 0nmeifc©!Mb4r'f* 
m<&SP^M#)K3 2 0i:bT^5g-T2>. -dORfb-Jr-Y * 

3WimJECVD££J;oTffM-fft{;£, ISMISSttt 

it ft fc &»tem nmumm *> ft « . 

[0 0 8 2] ifeC, «P^fi^3 2 0 h*- 

zH7A©raitiotTFTOy-^ii3 2 1, 
i/^>ti3 2 2^Mt5„ a<bf-^>Ktt, 
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( 11 ) 



5 0 'C, 1 RfMSJK©7 , =— ;wfeff V\ 0 3 
(F) CitNSTFT3 2 4ft36fliS«. 
[0 0 8 3] C©S£S6«eJ:5NSTFTft, ffiA&Q% 

^CttV— X«BS3 2 1 ifettFH >tt^3 2 2SI 
TO&taiB»fSKA>6«:SllI*«aC8f«U 
#©««.fc?>«**A*rrS. *fc, ^©TFT£iSgJg| 
3Mt[sl»£ffl^*»^Ctt, S«ffi3 1 3±lc4»r3 

>^^b*-MMu *strsia»sifi-e-«j: 10 

[0 0 8 4] W±©3li8*Jfcbfc#oTfnSb&NS»T 
FTtt> flUMbJM^IErK-e 200~250cm'/V 

s, minuEo~ i vfct%9A#&m£fti*u tft 

#7ffl*T©U-*«ifct>ftpAgflE4:/h;*^. 

if&<v b bt. 

[0 0 8 5] (^SfEtfO 3 ) 3 ©HJEfifJ 

7S«>ttJIX^SK®M2UBai§IRK>, -*8©iS?gSUfl* 20 
@8Sft^J58-r 4 N 5=- -V * ;U3S T F T t P ^ -V * Jl/JS T F 

t ztmmizmm b t c m o s *3t© mss ttm.isr> * 

[0 0 8 6] B4tt, *^JS^J-?:IS£BJ1-5 T F T©fls« 

i:m.(Dffi,g%:7F-f¥-mmx-$>z>o 05 a, m4©A— 

A'T-tUofcffSEIT-feD^ (A) -> (F) OlClfe 
tfoTlStfJSiWtfT-rS. 0 5 (F) fc^f©^ * 
atMCtSCMO S®iS©3feJ«Bnf»5, NSTFT 
4 2 4i:PiTFT4 2 5CJ;0ifilcSh5„ 

[0 08 7] $f, 5M7^J;t)^S*S40 1(D^ 30 
®£ 1 %lljS©fg-ajK7 y»C J; i)«6»-r«. 

[0 0 8 8] iflfiECVDiS&SMttT^X^CV 
DStA^t, ff£ 4 0~ 1 0 0 nm, #l;ifS6 0 nm 
©Ktt(Iffl) ©^ffig^r-f JKR (a— S ijR) 403 

[0 0 8 9] *C, a— S iBU 0 3 ±CfiB3t14SHIi 

0 4ht5. -^X* 4 0 4£J&fiKbfcX;i/— *— ;i/H«t 
Q., X'J v MH«4 0 OfC^T* 1 ; v MKfca— S i 
I4 0 3#II$tl5. IP*>, 0 5 (A) ©tt«fc±B 40 
*»?>I5i:, H4©J:itfitt4 0 Ofa- S i«S4 0 
3 l/t* t) , m&Ztfrte? * M/^htiUv 

[0090] 05 (a) c^-r«t-5c, £«4 0 
i*iSC=v*>i/fcSPBtai»bs AMKtgJRJBU o 
fiEfS. *Htt«ITt±, **V-Xi:*«IHI©Bg«&iI 

>v-5r;U©M^7C«M4 0 5©JP£#1~2 nmfl«£:& 
5J;a(c$iJpufe. ;r©t§©g«4 o i±c*stt5- 

y>r)u<Dffi&m&mffiizmfe-rz t 4xio n ato 50 
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0 4£Rft£-f £,r i:T*, ^X^4 0 4±©M^tc 



«M405^U7h3f 7JMX'J «y K*« 4 0 0© 
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^r;i/©«**in*»ffton&cii;C)6i5. fit, cn^ 
^ffitt#BfiTF, 09*«aa^iaK5 5 o-ct- 1 emmr 

[0 0 9 1 ] iCIB, ««4 0 0tfi^TH:, a— S i 
SI 4 0 3©«®fc«M0*ftfc=y ; 5r;i'*#fcUT3HR4 
0 1 fcMbTSifi^lfiltCa-S iflS4 0 3ffl*Sffi^b* s jg 
d 5, ^HS^r^M4 0 3 ajW&»S*iS. fit, 
XU y h««4 0 0©«Sa«ttTfB\ 125 (B) 
T, £EP4 0 6T?jjVr«fc-5&:, ^U'VhtM4 0 0*>e> 
tS^lS] (StRfciPfrfc^lql) fcH£fUjgfi#fr frii, tit* 
lRHS««Sk£MJatt<r-f SWR4 0 3 htmi&Ztii 
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4 0 3 c}: bTSS. £©tt#lRHS«fiSfibfcieflM44r 
JRJK4 0 3btf©-<y^r;HSH:l x 1 0" at om 
s/cm'flJST-^ofe. &i5, ±K<6«J«ftfc:i»U 
^4 0 6 7f^*nsifetR4:JPff«i:*lRl©ieajERft©re 
Site, 8 

[0 0 9 2] -£©&, 0 5 (B) «fc-5.C, U— tf 

-*4 0 7&JH»U a-S iI4 0 3©SISiMbSfT 
5. C©h§©U— tf— btte, XeCli^->T 
U— if— (ig^3 0 8 nm, ;VI/Xffi4 0 n s e c) £ 

ffl^fe. u— tf-^4 o 7©flSM^{«i, mmmzmz. 

£ 2 0 0~5 0 0"C, PUjtfcM 0 0"C{C*D^b, 3L*Jl> 

0 0~3 5 0mJ/cm', 0B*.«3OOm 
J/cm'tlL U— tf— #4 0 7te, Sffi®tC*fb 
TJB*jfe*sn» a-SiI4 0 3CDfiiffl-jSC»b 

t, -e*vefti oiau— tf-^ftr*n5«t5K:^*Kv 

^SrlS^bfco COXfitcj: 5, |£At£4-'r*ffitt4 0 

3 ai5cfcU t 4 0 3 btt*©BfcjjRW±tl*n«l*n, ^Sb 
SYb-rs-hT*, — SBft«l6»i:bTfHe^b, Z Zlz 
Atf&ISftttfcfca. ^S»^r^ITO4 0 3 

ctt, ig»ftj$ne»ffi<r'f*jR4 o 3 di&s. 

T\ m^MJimtm (AFM) C«t5, fSAtt{r^9KR 

4 0 3 bSffi©¥*H®ffi^RaS:ffl!J^-r5i:, 6-7 n 
mHJg©fiiT-afe^fe. 

[0 0 9 3] ®m^^#ffl«,T{c-t, iQ^fiJS8 

0 0~ 1 1 0 0°C, fl»Ji?.K 1 0 5 0*CT 3 0^-flJg©T 

--jvwmzmto ^©xgcc«t 5, 05 (o t^-r 

eattH114 0 3a, 403 b, 403d 

©aiattRfbsn, *®^bsi4 o 8* s f^^ti, »fc 

eJHS^r-f *K4 0 3 bttSIiP3 0 nmgJg^*)Kfb$ 
tLSo C©t* % felH5lC0 1 *fflV>TKWb&J:5 
tefitt^-f SRJK4 0 3 b©«H©'J y y«tt#C»{bf^ 

«c-en-en©ttttfeffl36Sis-& b, !s«s#^ B B a >K^i'S: 
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KftlS«H4 ! !r-f*Bl4 0 3b*^i:gEibr6. fg 
Jftttfr-f *«4 0 3 afcfiq D nH{b£fti^K«&*Silf4<5r 
-fJHI4 0 3 a'i:ft5. 

[0094] gmwutm* o bsx^^i 

ftBKIMfttt* -f 58$l#©igS«H 51? M ^SK^liC A 
FM)tiD«£lfclS*, ¥J§H!ia£RaJ±2 nm*§ 

[0 0 9 5] 15 (D) £^-f±-5£, it&Sff 10 

teBttfr'TJMJUO 3b'*«#, &©TFT©rSt4Hfi 
tt SIBJSK-rsAttCDlgaMt^'f 0 9 

n, 4 0 9 pi:&3 i5C, *ftJjlft®£IM&r'f MR 

ff-5. 

[0 0 9 6] ±gBOfStt«l«i:as»ttOlSJM4 
<r-f SSSJBI4 0 9nt'W4 0 9p5I«5Cf$ 10 
0 Am©BMb<r-f*M*y-M6IMl4 1 2 i: bTJE&IR 

*^MFiJT-(i, tf-httIMM 1 2 
LIS iH, tf^fcN, 0#;*JS#4fc U 0 0 20 

•CT-, i$JECVDi££T#8? -*«bfeo 

[0 0 9 7] §|gttWCx 05 (E) £7jvr«fc-5(C, * 
^^'J>yffiCi^f$4 0 0~8 0 0nm 1 m 
K5 0 0nmO7;K-^A (0. l~2%©v-'J:3> 

t, y-Mg4 13n, 4 13pftMt5. 
[0 0 9 8] -ft^F-O^ffiiao^ A«- 

©eaMt<r-f*BI»«4 0 9n, 4 0 9p(:y-htS 
4 13n s 4 13p&7^^hLt^M* (UX M 
tf***) £&A-rs« K-t>^Xi:bT, 7** 30 

(PH.) i'iV^^V (B, H.) ftfflW hu 
tOip-ll, iDjS«Eft6 0~9 OkV, fi?iJx.{S8 0k 
V, ^#©*§£r(i, 4 0-8 0 kV, «*.«6 5 kV£ 
U K-Xlli 1 x 1 0' * ~8 x 1 0" cm" * , 
T/S2xl0"cm", *^SSft5 x 1 0 ,s cm"' i: 
T5. iffligCt »K h«S4 1 3 n, 4 13p 
£*l^M^#&A£tl&^i|«tt^i;: T F T© 
?t^^417n 1 417pi:)5;S. K— tr>^{C 
^bT5±, K-t-^A^S&SfMft?* bbS->* hT? 

«*4 1 8ni:KU-f >««4 1 9n, PScp^Fttft* 
K-:7Lfcy— *«R«4 1 8 pi: KU-f >««4 1 9 p 
mmzti, EI 5 (E) 4b'«tZ>* (F) £^1-<fc-5£, N 
ft*;HTFT4 2 4tP5 1 t^l'iTFT4 2 5 i: 
SMtSifctffSJ. C©tW?§ft»S±:SJ;9 H.S 
fcBI4©«fc5C&oT43»>, CCfStt««4 0 9n* 
«tW4 0 9 pt*S^T, £EP4 0 6t^tgi«fi*|ql 
a^-VVTC^K^lRl (V— *-»H/-r >#|S|) ttWf 

-5£gH©bT&£><, C©<fc?&K@ftS£S c i: 50 



( 12 ) ^^M¥ 1 0- 1 0 6 9 5 1 

[0 0 9 9] ^£©gL i5 (E) <fc-5K, U— tf 

UfcWto©iS1SMb*fT3. U— tf-Jfct bTtt^ Xe 
C l3Ldp>>-7U— tf— (Sfi3 0 8nm, 7i;i/**§4 0 
nsec) ftfflV\ b-^-^JliWf^bTfcJu x 
*;i^-S&J8 2 5 0mJ/cm'f-«^l4i'3 

[0 10 0] $E^T\ BI5 (F) C^tiat, Jf £ 6 
0 0nm®^b^*lt&JIH«fittJK4 2 0 i:bT> T 

tt» gfb^*>i:r;i/^£A©-JSffil£«fcoTTFT 
©v— *aj&4 2 1, Ku>r >©n • v— xmrn* 2 

2, KU-f >«ffi4 2 3*JBdt1-«. *bT««C» 1 
^,JE©7Jc^#HM,TT- 3 5 0'C, 1 «FlH|gK«D7 , =-;i/ 
ftfrV\ NITFT4 2 4tPSitFT4 2 5 £^J&£ 

[0 10 1] W±©§t^#J£bfc#oT#SibfeCMO 
S«jt©(HlESC*3^Tv *ft*ft©TFTCD«JM»*# 
iS(4NITFTf2 5 0~3 5 0 cm'/Vs, PS 
TFTt'l 2 0~1 8 0 cffi'/VsiiUKv HttWE 
«iNSTFT-C0~l V, PITFTf - 2 3 Vt 

#«fca#fc»i£*ji*-r. se>£, atoxbssscflss 

[0102] w±» *Mca^< 3m<Dmmmiz-^§ 
gfeo-etta < > ^^©feffiaa^!i£.a^_<_. : &ii©g 



flrxe C Ii+i'Tl/- tf— ftfflv>T, a-SiiS 

2tl*iWi-&lZbtoMs *K tS2 4 8n 

m©KrFxJr->?l/-1f— ?>, ifi4 8 8nmOil 

• -y-— t;u • t-— % £r©i^fc><9> a b— if — # t gr' 
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{ft, fc^fc^iSftJB^SCi:**-*?**. WlJttts = 
;u*S»*H*Si6i«i:UT, SOG (xtf>^->y^ 
«»ft*jati:LTS I OK«t 

o) , (Pd) , a& (pt) , m (c 

u) , SI (Ag) , £ (Au) , -f>S?>>A (In) » 
*X (Sn) , (Al) , T>5^> (S 

b) ftfflv*T*awft*M»&ft3. 
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[0 10 5] 
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7 Mb* s Em5o 
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